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Part |

Overview of the Literature

Infroduction

Part | consists of an overview of the exising Feralure on ihe soclo-econcmic value of
clirmate Torecasts. The owendpw inclides sectiens on approaches 1o and methods of loracast-
valua assessmeni, the results of forecastvalue case studies and other closely related work, and

some ientative conclusions logether with a shan list of current problams.
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Overview of the Lilerature

This briel overview of the lileraiure on the socio-aconomic valug of cimate forgcasts (s
organized into the loBowing sections: (1) approaches laken and mathods used 1o assass \he valse
ol climate lorecasis; (#) resulls of case siudies and other assassmants of the soclo-economic
value of these forecasis; and {3) a catzlogue of outstanding methodaelogical and practical Issues
and problems,

It is necessary first to identify the scepe of the bedy of lterature which is reviewed here
and which is listed in Paris Il and Il of the reporl. Alhough the primary focus of the report is
the socic-economic valug of climate forecasts, relevant items from the lilerature on the value
of waalher and climate forecasis have been included. This dacislon was based primarily on the
fact that similar assessmen! methods have been usad - and the sama types of larecast-value
sludies have been conducted - across the entire spectrum of forecasl time-ranges (from day-
to-day weather forecasis to monthly or seasonal climate forecasis). Moreowver, the resulls
oblained and lessons leamed from siudies conducted @ one part of this spectrum often have clear
implications for work contemplated in other parts of the spacirum,

The focus of this overview is the socic-econamic value of cimate ferecasts, not the socio-
economic impact of climata. Thus, the ralatively large and rapicly growing Rlerature on the
Iatler topic genorally s oxcluded from consideration here. A few axceptions have been made in
the cases of papars or reporis that while primarily concerned with socic-aconomic impacts
gither fouch directly upon forecast-value Issues or appear 1o have impoartant implications fos

such issues.

In compiling the list of references, primary emphasis has been placed on papers and reports
pubdished during the last 20 years (since the early 1970s). Only landmark ilems from e
19605 are included and no papars or ropors are cited for earlier perieds. The early papers are
now largely of historical interest only; the reader intergsted in this early literature (i.e., pre-

1970} can find references io il in some of the publications cited here.



Two general approaches to the prablem of assessing the secio-economic value of climate
forecasts can be identified: (1} the prescriptive approach and (2) the descriptive approach.
The prescriptive appreach assumes thal users of such forecasts behave in a manner consistent
wilh normalive principles (e.g., the maximization of individual or collactive economic
welfare). This approach involves the use of formal models ef individual users' decision-making
problems or of economic markels (or seclors) influenced by the aggregale effects of individual
users’ decisions. The descriptive approach, on the other hand, facuses on the actual behavior of
users (i.e., their aclual information-processing and decision-making procedures). Farmal
models of the type employed in the prescriptive approach are generally not employed in the
descriptive approach. However, lhe latler may involve the use of conceptual or behavioral
models of users' climate-sensitive problems andior the ways in which they perform their

information-processing and decision-making tasks.

These approachas can be applied al the level of individual users or at the level of markets
consisting of groups of Individual users who face similar decisions andlor parlicipate in similar
activitias. At the individual-user level, assessments associaled with the prosctiptive approach
generally employ decision-analylic methodology. This methodolgy involves (inter aa)
formulating a medel of a users decision-making problem (identification of the user's feasible
actions and definition of the relevant climate events, determination of the socio-economic
consequences of various action-event combinations, elc.), modeling or describing the quality of
the forecasls, and specilying a criterion according to which the user will choose a prefarred
course of aclion. In some cases these decision-making problams involve a single decision {or a
set of similar but independent decisions), whereas in olher cases they involve a sequence of
interrelated decisions. The former are referred 1o as single-s1age {or s1alic) problams,
whereas the latter are raferred 1o as multiple-stage (or dynamic) problems.

At the markei level, prescriptive assessments usually employ methods based on economic
concepls swch as producer and consumer surplus and'or rational expeciations. These methods
atempt to address direclly (e ways in which climate forecasls alfect market-level factors such
as lhe price of a commodity produced by individual users of the forecasts as well as the socio-
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economic wallare of both producers and consumers of the commodity. |n these maret-level
assessmants, climate forecasis are 1aken 1o represent a lechnalogical advance, and thalr value
iwhether positive or negalive) i inferred from the equilibium silvation thal results when the

market for e commadily adjusts 1o the presence of this new technalogy.

Assessment methods associaled with the descriptive approach range from surveys of (andfor
interviews with) users to in-depth case sludies and docision axperiments. In the case of
surveys and infarviews, the information required to (inier &g} infer forecasi-value
ostimales is sought via users’ responses 1o diroct or indirect questions. Case siudies and
decision @xpariments ganarally invalve relatively detailed manilaring and pessibly conceplual
maodeling of users' behavior in forecasl-sensitive situations andfor experimants in which wsers
make lofecast-sensilive decisions under realistic bul contralled conditiens.

Application of prescriptive or descriptive assessment methods 1o forecast-sensitive
siations usually involves assumptions ragarding the nature or struciure of the underlying
situations andfor the behavior of users of the forecasts (especally in the case of assessments
based on prescriptive mathods). Frequently, legitimate quastions can be raised about the
appropriateness of these assumplions, as well as about the reliabdity of lorecast-value
eslimales derived from these applications. In the case of methods associaied wilh the
prescriplive approach, questions may arise as to whether {he models capiure all of the essential
leatures of the underlying siuations and whether the behavior of individual users - or it
colleclive impact at the market level - 5 characterized properly. With regard 1o methods
associated with \ne descriptive approach, the reliability of users’ respenses o questions posed
during surveys or inferviews may be open Lo queston, especially in those siluations in which
he inlerview/survey questions are nol framed adequately or are not “rooted” sufficiently in he
users’ foracasi-sensilive situations. Moreowver, inferences drawn from users' behavior can be
misleading if the reasons for this behavior are not well understood, and the behavior of users in
the real world may differ fram their behavior in experimental sattings.

These problems can be overcome o 8 considerable extent - and the reliability and
credibility of forecast-value estimates could be improved substantially - by laking advaniage of
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the full range of capabilties contained in @xisling assessmen) melhads, For example, decision-
anaiylic meihods expliclily allow for the consideration of users’ aflitudes to risk, yel mast
prescriptive ferecast-value swudies conducied 1o date have assumed that users are risk neutral.
Mareover, assessment methads based on econamiz principles are available thal can provide
dgoregate estimates of the benefils of forecasls at the market-lavel, el mos! larecast-valye
estimates al the level of markets or seciars have been based on scaled-up eslimales obtained at
ihe level of individual users. In a refated vein, well-designed and carefully conductad survays
or case studies, in addition lo providing @ sound basiz lor making descriptive forocast-vale
ASERSSMENTS, can serve as an importan? source of informalion for - 25 woll as 8 reality check an
the assumpliens made, models formulated, elc., in - prascriplive assessmenls. Ganerally
speaking, the best forecastvalua siudies are thase that attempt to make use of the full range of
featuros associated with both prescriptive and doscriplive assessment meihods.

The determinanis of forecast value also depend on the approach that is taken andior (e
a3zessment method that is employed (or at least the level at which the assessment is made). At
the level of the individual user, the prescriptive deferminants of forecast value ara: {1) the
courses of aclion (or strategles) available 1o the user: (2) the user's payall or loss function;
(3} the quality of the information on which 1he user's decisions are based in the absance of the
forecasts; and (4) the quality of the forecasts themselves. | is Impartant 1o note that, in this
context, forecasts that lzad a user to take the same actions that ha/she would have taken In 1he
absence of the forecasts are of no value, Al the market level, consideralions such as
supply/demand elasticilies and shifts in supply and demand curves may influence forecast valug,
When a descriplive approach is followed, the list of daterminants of forecast value also includes
warisus behawvigral characieristics of the users.

B. Fgracas

Prescriptive studies generally have focused on the value of forscasts al the lovel of
individual users. To date, very faw prascriplive studies have addressad the forecast-valug
problem at the leval of markets or sectors. Descriplive studies have been undertaken at all
levels, from the level of individual users o the levels of user Qrowps, econamic seclors, and
even natienal economies. However, such studies usually have derived thelr larecasi-value
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estimates at these highar levels simply by scaling up the ezlimales obialned al the individual
lovel {i.e., by mulliplying representative individual-level forecast-value estimates by the

number of users).

At the level of individual users prescriplive studies have involved both hypothetical users in
prototypical silvations as well as typical or representative users in real-world situations,
These studies have considered situations involving both single-stage and mulliple-siaga
decision-making problems. Siudies of profolypical problems have Been concerned primarily
with stalic and dynamic versions of the familiar cosl-loss ratic situation (e.g., Thompsen,
1862; Murphy, 1977 Kalz and Murphy, 1990). Although it is relatively simple {even in its
dynamic varsion), the costloss ratio situalion possesses many of the eszential features of
real-world decision-making problems. As such, this and other profotypical problems provide
reasonable frameworks within which to investigale a variety of issues relaled to forecsst use
and value, including the nature of the relationship between forecast quality and forecast value.

Sgveral relatively realistic prescripive case siudies of the value of climate forecasis In
real-world situations have been conducted since 1980 (e.g., Brown et al., 1986; Mjelde et al.,
1988; Mjelde ef al, 1993; Wiks and Murphy, 1988). The forecast-sensitive siluations
considered in these studies have consisted largely of agricultural decision-making problems,
such as whether or not to plant a crop (fallowing versus planiing), which crop o plant {eom
varsus wheat), or which of several crop-production strategies to adopt (amount of ferilizer,
planting density, elc.). These studies have involved the fermulation of both static and dynamic
dacision-making medels, and they have provided quantitative estimates of forecast value over a
wide specirum of time ranges. Posilive ferecast-value estimates have been reported in almost
all such sludies, with the magnitudes of these estimates depending on a variety of faclors related
1o ihe determinants of forecas! value (see Section A}, It is impartant to note that even seasanal
forecasts, wilh their relafively greal uncertainty and modest skill (generally speaking,
seasonal forecasis arg only slightly less unceriain and slightly more accurate than lorecasts
based solely on climaioiogical prababilities), have baen found o be of positive value 1o some

users in specific situations.



=
- -

Only & handiul of preserpihe swdies of the valua of climate ferecasts have been conduched
at e market (or sectorh lawal, et morprigingly, the resulls of thess slidics do not @5 yet
provice & vedy Glear pictere of the banefils hal can be expacted al v lgvel. Om ihe ane hend, &
recent siudy of s lype [Adams &1 &l, 1993) indicates thal improved forecasts of El Mine
events could prowide substaniial benetis to the agriculiural sector In the southeasiarn UG, On
tne omhor hand, esrlior marketloval sludies (e.g. Baboosk, 1980; Lave, 1983) suggest that
producers al goma eommodities in the agriculbural seclr may nol benafil Inm improvaments
In the guality of forocasts. |n facl, thess studias sugoested thal, dus 1o price ellagls, e
aconamic wellare of producers could be advarsely alfectnd by enhanced ferecast quality. Ta tha
extent that (hess later Sludies propery caplure fhe complexstes inheren in markat-loval
assesements, hey appear W undaring the potential dangers inhsrent - In ai last sems
siuations - 0 estimating Fwe value of forecasis al the marka) o7 sactor laval on the basis of
scaled-up estimates denved ai the level of individual users.

Descripl we caza studies have been conducted in @ ralatvaly wide speciurm of sellings (sae
Blgwar, 1064). For example, this bedy of work ingludes regiona’, national, enc inlernatianal
ARESEsmMENts Imvolving many Seclors of ussr groups as well as stedies focused on 4 specilic
geclar af USer proup. fiost studiss i this categery have bean based an surveys of - ar
inlgraisws wilh - saleoted users. The qualily of thase siudles - and (heir lorecast-valus
gelimates - vary consicerasly. Many siwdies of ths Iype (25 will a5 olher sludies in the
deserplve calegeryl do net aclually provide guantilative forecast vate ecslimatas.

Thase desoriptive atudes that have produced quaniilstive estimates of the bonefits of
forecasts gemeralty have lound e forecasts of interest 1o be of posifve value. In facl, many
descriptive slucies ol 1N survey!nerview typs hewe yieked very large fowecesi-value
gstimates al tha wser-group, seclor, andior nationa’ k. Howewer, il is mparanl 1o keep in
mine hat these ssimates usually have been derved by Seaing up estimates oolained al the el
of indlividual ssars. In-some cases, Inese ecaled-up eslimales are based on posiiva rasponses
from & relathvely emall fraction of the gl number of individual ussrs contacted,

in addition o providing esimaies of the socioeconomic value of jorecasls, prescriplive
stuches nave explored the relationship between forecast quality and forecest value {see Kalz and



Murphy, 1894). Since quality is a basic determinant of value (see Section A), an
understanding of the nature of quality/value relationships can provide insight into the way in
which future changes in forecast qualily can be expected to affect forecast value. It has been
demanstrated, in both protolypical and real-world studies, Ihat quality’value relationships are
inherently nonlinear. This nonlinearity may be reflected in a quality threshold below which the
forecasts of interest are of mo value andfor in a nonlinear functional relationship above this
threshald. Moreover, in some sifuations, these relationships are characterized by convex
functions, thereby implying that forecast value will increase at an increéasing rale as forecast
guality improves. The nalure and characteristics of such qualityvalue relationships clearly

warrants further investigation.

Oiher studies in this general category have investigated the conditions undar which forecasts
produced by one farecasting syslem can be judged to be better - in terms of both quality and
valua - than forecasts produced by another forecasting system {e.q., Ehrendorfer and Murphy,
1588). Ralaled wark has demonstrated thal increases in specilic aspects of forecast quality
{e.0., accuracy, skill} do not necessarily guaraniee increases in value for all users of forecasts.
Specifically, due to the fact that a multivalued relationship generally exists between individual
aspects of forecast quality and forecast value, increases in accuracy (for example) actually can
be accompanied by decreases in value for some users (e.g., Murphy and Ehrendorfer, 1987,
1994).

G Tentative Conclusions and Current Problams

Savaral tentative conclusions can be drawn from this review of the body of literature

currently available concerning the socio-economic value of climate forecasis:

1. The results of both prescriplive and descriplive sludies indicate that state-of-the-art
forecasts generally possess positive value over a broad spectrum of decision-making
problems and forecast time ranges. Moreovar, improvements in forecast quality are usually
associated with increases in forecast value. (Mote: Caveals regarding the reliabilily of some
forecast-valua astimales are noled In Seclion A)
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Forecas! use and vale depends on the nature and struclure of users® decision-making
problams, on variows characiaristics of the information (including the forecasis) on which
their declzions are based, and {in the case of descriplive slucies) on a variety of behavioral
characleristics of users,

. To date, the vasi majority of prascripfive studies of the banefits of climate forecasts have

focused on oblaining foracast-value estimates al the level of individual users. This work has
produced some notable developments concerning assessmani melhods (o.g., dynamic models)
and has anhanced the lovel of understanding of some assessment issues (e.g., qualityvalua
relationships). |In agdilion, It has created & small cadra of relatively experenced ferecast-
valug assessment researchars. However, greater efforls nead 1o ba mads 1o madal the
farecasi-sensilive situalions of interest in a realistic manner and to underlake applieatians

in sectars other than agriculiure,

Very few studies have been condected at the market or secior lavel that have not expliciily
or Implicifly invohaed the assumplion that lorecast-value estimates al those levels can be
obtained by scaling up eslimaies cblained &t the level of individual users. Although this
simpla procass of aggregating benefits may give reasonable estimates in some silwations, it
i wniikely to be appropriate in most real-world siuations. A prescriptive approach thal
makes use of economic medels af markels or saclars - of an approgch that combines
decision-analytic and ecanamic madels - appears to offer the best hope of addressing this
market-level assessment problem in a methodologically sound manner.

Mast real-world case sludies of the sccio-aconomic benefits of forecasts or the incremental
banefits assceiated wilh improvemants in forecast guality have not explicilly addressed the
issug of the ¢costs of preducingfimpraving the forecasts. To ascenain whather or not it is
cesirable (in a soclo-economic sensa) to invest in & ferecasling system, or i1s
improvement, il |s necessary to take the costs of producing andior Improving the forecasis
into account. Comparnison of the benelits with the costs {or internalizing tha costs in the
benetits assosement process) provides a basis for pulling the benefits inlo propar

perspaciive.
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6. Almos! all case studies of the sacio-economic value of climate forecasts have been conducted
in the developed werld, This state of altairs is dus in large measure 1o the availability of
models, data, etc., thal are applicable to the problemns of interest as well a5 1o the prasance
of individuals experienced in forecastvalue assessmeni methods. Neveriheless, a clear need
gxisis o axtend thase siudies into the devaleping world, where - in the case of climata
forecasts in particular - substantial benefils are perhaps more lkely 1o be realized.

in addition to the issues raised by the lentative conclusions discussed above, several specific
problems can be identitied that require further study in this context:

il |s often assumed thal users base their decisions on climalelogical Information in the
abzence of forecasts. Under what conditions 1§ this assumption appropriate? What are some

reasanable zllernatives 1o this assumption?

2.

value eslimates. Most assessments of the value of cimate forecasts underigken to date have
ignorad this temporal dependance (i, they have assumed that the pariad-1o-period climate
itealf, ag wall 25 climate forecasls, are indapandani).

Mozl case studies

underiakan to date have assurmed that users are risk neutral; in eflect, (hal their
praferences for the consequences (of their decisions) can ba described adaguately in
monetary terms. However, This assumplion may nol be appropriate in many situations; for
gxample, most decision makers in situations (nvalving poleniially large monatary gams er
losses have bean shown to possess a relatively strong &version fo risk, and risk aversion
may significently affect forocasi-value estimales. Ideally, the user's allifude toward nsk
should be investigated and then taken inlo account in all ferecast-value sludios.

4, The inleractions belwaen forecasls on diffarent time ranges and the implications of ihase.
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interactions for lorpcasl-value astimales. Same forecasi-sansithee problems in which
long-range lorecasts ase of primary imeres! also are Influenced by short-range foracasls.
In general, howaver, the impact of these shorl-range lorecasls has been ignored. Morsover,
in many forecast-sensilive problams involving shorl-range lorgcasts, users’ dacisions may
alao be sensilve 1o long-range forecasis. To oblain realistic ovarall astimates of the vakes
of weatherclimata forecasiz, it is necassary 10 1ake inlg agepunt all of the forecast
information 1hat influgnces users' decisions.

eslimales. Many lealures of forecast Informalion in addition to forecast guality may
infivence forecast value. Such features incliede foracasl lead time (Ihe fime between a
farecasrs issuance and the beginning of s valid pariod), foracast formal (e.g..
nonprobabilistic or probabilistic), and lorecast speciliclty {ihe number of distincl foracast

values or categories), ag well as ihe spatal and femporal resolution of the forecasts. The
impacis of these characieristics warrant further investigation in luture lorecast-valug

studies.

Diher problams 1hal could be acded 1o 1his list include & hosl of issues ralated o the aclual
bahawlar of usars in real-world decision-making problems and the impacts of 1hase bahavioral
characierlslics on foracas! use and valus.

In conclusion, two paricular poinls must be emphasized with respect to curren! and future
efoms 10 255ess the value of climale forecasts. First, this problem is fundamenially an
interdisciplinary problem, requiring expertise frem such fields as economics, operations
research, psychology, statistics, and systems analysis, as well as climatology, Second. the
problem of foracast-valus assessment requires - to maka real progress - a cantinuing
program of melheds-orignied and applications-oriemled research. Real prograss in this area -
in the sense of developing sound assessment methods that can peoduce reliable and credible
gstimates of the velug of climate forecasis - will require that resources are made available to
aliract and fetain an interdisciplingry forecast-value assessment team {(or lwo) over an
axtended pariod of ima.
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Part Il

Short List of Collected Works

Intredipction

This section af the repart confains a short list of books, conference proceedings, prepring
volumas, and repors thal conlain collections of chaplers or papers on the socie-econamic value
of forecasts. In some cases, Individual tems from these cofleclions are included as separate

entries in Parn [l
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Part Il

Annotated Bibliography

Imiraduction

Part Il consists of an annofaled bibliography confaining a list of 130 books, papers, and
reports. The key to the annotation appears in Part 1IlA and the bibliography itself constitules
Part B, (Mofa: Curing the period thatl this reporl was written the suthor did not have access
o @ number of the tems Included In (his biblicgraphy. Thus, some references and annolalions
arg unavoddably incompleie and some referencesiannatations may DE in @ror in ong of morng
respecls. The author would welcome the recelpt of information that could imprave the

completenass andfor accuracy of the bibliography.)
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A. Key lo Annotation

Group A - Approachiideibod
Prascriptive  [P]
micro-level/decision.analylic/prototyplcal  [idp|
micro-levelidecision-analytic/real-warld  [idr]
macre-level'aconomio [ae)
simulation |s] (micra-leval or macro-laval)
Descriptive (D]
survey [8]
decision expariment [d|
olher [o]
General [G] (e.qg., presciptive/descriplive, expository, socio-aconamic impacts)

Group B - Type/Range of Farecasts

Weather lorecasisishorl-range [ws] (£ 1/2 wask)
Wealher foracasis/madium-range [wm] ({1/2-2 weaks)
Climate forecasts ol (= 2 weeks)

Both typesfall ranges [wc|

Mon-specific \ypetange [n)]

Group G - Secior of Application

Agriculiure [a]- (Incleding forestry)
Construciion [b]

Energy [a]

Fublic healih and safety [h]

Recraalion [r|

Transporiation [t}

Waler regourcas [w]

Won-specific [n]

Multiphs sectors [m| (as in natlonal assessments}

Moles: The annotations appaear in boldiace a1 the end of each Hem in the bibliography. The
grewps of annolations are separated by a slash {f).
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